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,QWHUQDWLRQDO&RQIHUHQFHRQ$SSOLHG3K\VLFVDQG,QGXVWULDO(QJLQHHULQJ
$SSOLFDWLRQRI&$1EXV1HWZRUNLQ,QWHOOLJHQWSDUNLQJ
:8-LDQMXQD+X-XDQE
D'HSDUWPHQWRI&RPSXWHU6FLHQFH+XQDQ&LW\8QLYHUVLW\<L\DQJ+XQDQ&KLQD
E,QVWLWXWHRIFRPSXWHU+XQDQ,QVWLWXWHRI6FLHQFHDQG7HFKQRORJ\<XH\DQJ+XQDQ&KLQD


$EVWUDFW
&RQYHQLHQW OLIHPDNHV LQWHOOLJHQW SDUNLQJ HYHU\ZKHUH7KLVSDSHU GHVFULEHVKRZ WR FRQQHFW WKHYDULRXV VHSDUDWH
PRGHUQWHUPLQDORILQWHOOLJHQWSDUNLQJZLWK&$1EXVQHWZRUNDQGWKHFRPSHWLWLYHDGYDQWDJHRIWKHV\VWHPE\XVLQJ
WKH &$1EXV QHWZRUN )URP D WHFKQLFDO SRLQW RI YLHZ WKLV SDSHU GHVFULEHV WKH GHYHORSPHQW WUHQG RI LQWHOOLJHQW
SDUNLQJLQQH[WIHZ\HDUV

3XEOLVKHGE\(OVHYLHU/WG6HOHFWLRQDQGRUSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI>QDPHRUJDQL]HU@

.H\ZRUGVLQWHOOLJHQWSDUNLQJ&$1EXV5656
,QWURGXFWLRQ
:LWK OLIHVW\OH FKDQJLQJ  VFLHQFH DQG WHFKQRORJ\ DGYDQFHV SHRSOH UHTXLUHPRUH KXPDQH LQWHOOLJHQW
OLYLQJ FRQGLWLRQV,W UHTXLUHV LQWHOOLJHQW V\VWHPV DV PXFK DV SRVVLEOH WR UHSODFH PDQXDO PHWKRGV IRU
HIIHFWLYH PDQDJHPHQW DQG LPSOHPHQWDWLRQ 7KH FXUUHQW WUDIILF VLWXDWLRQ PRUH FRPSOH[ VXFK DV WKH
GLIILFXOWLHVLQWUDYHOLQJSDUNLQJLVGLIILFXOWDQGVRRQWKHVHJUHDWO\UHGXFHWKHHIILFLHQF\RIZRUNDQGOLIH
RIWKHFLW\WKLVIRUFHGXVWRILQGDVROXWLRQWRWKHSUREOHP
,QWHOOLJHQW FDU SDUN FDPH LQWR EHLQJ LQ VXFK FRQGLWLRQV ,QWHOOLJHQW3DUNLQJ LV QRW RQO\ UHJXODWHV WKH
SURGXFWLRQRIXUEDQWUDIILFPDQDJHPHQWDQGYHKLFOHPDQDJHPHQWH[SDQGVWKHFDSDFLW\RIWKHFLW\DOVRKDV
DKXJHVHFXULW\SURWHFWLRQ:KLOHHDVLO\FRQQHFWVZLWKRWKHULQWHOOLJHQWV\VWHPVVXFKDVVPDUWEXLOGLQJV
LQWHOOLJHQWFRPPXQLW\HWFWRIRUPDPRUHSHUIHFWORJLVWLFVDQGHTXLSPHQWPDQDJHPHQWV\VWHP
&RPPXQLFDWLRQVWDWXVRI,QWHOOLJHQW3DUNLQJ
7KHFXUUHQWLQWHOOLJHQFHRIWKHFDUSDUNLVLQFRQVLVWHQWWKHPDQDJHPHQWKDVDODFNRIRUGHUOLQHVV WKH
LQWHURSHUDELOLW\ DPRQJ IDFLOLWLHV LV SRRU V\VWHPV DQG HTXLSPHQWPDQXIDFWXUHUV DUH YHU\ IHZ VSHFLHV
,PSOHPHQWDWLRQRIWKHV\VWHPIDLOXUHDQGWKHV\VWHPIHDWXUHVDUHQRWFOHDU
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$QDO\VLVLQJE\FRPPXQLFDWLRQRI,QWHOOLJHQWSDUNLQJWKHHDUO\SDUWRIWKHPDQXIDFWXUHUVXVHGDVHULDO
56 EXV RU 56 EXV DV FRPPXQLFDWLRQ EHWZHHQ WKH GHYLFHV WKH VDPH WLPH VRPH DGYDQFHG
PDQXIDFWXUHUVDGRSWHG&$1EXVRU(WKHU1HWWKHQHWZRUNFRPPXQLFDWLRQ
7KH SDUNLQJ &RPPXQLFDWLRQ V\VWHP XVLQJ 56 KDV D YHU\ ODUJH OLPLWDWLRQV LW FDQ RQO\ DFKLHYH
SRLQW WR SRLQW RSHUDWLRQV WKH EXUGHQ RI WKH FHQWUDO SURFHVVRU LV ODUJH  ,W LV QRW HDV\ WR H[SDQG WKH
V\VWHPWKHFRPPXQLFDWLRQGLVWDQFH LVYHU\VKRUW LW LVQRWVXLWDEOH IRUUHPRWHRSHUDWLRQDQG7KHV\VWHP
FRVWLVKLJK7KHSHUIRUPDQFHRISDUNLQJ&RPPXQLFDWLRQV\VWHPXVLQJ56LVEHWWHUWKDQXVLQJ56
LQWKHRYHUDOOEHFDXVHLWLVWKHEXVLQWKHIRUPDQGLWLVHDV\WRH[SDQGKRZHYHUZLWKWKHUHTXLUHPHQWVRI
WKH SDUNLQJ V\VWHP LQWHOOLJHQW LQFUHDVLQJ IXQFWLRQDO UHTXLUHPHQWV LQFUHDVLQJ DQG WKH QXPEHU RI QRGHV
LQFUHDVLQJWKHHIILFLHQF\56EXVLVORZWKHV\VWHPUHDOWLPHLVSRRUWKHFRPPXQLFDWLRQVUHOLDELOLW\LV
ORZLWVPDLQWHQDQFHFRVWVLVKLJKWKHQHWZRUNHQJLQHHULQJLVFRPSOH[WUDQVPLVVLRQGLVWDQFHLVVKRUWRQO\
DIHZRIQRGHVFDQEHDWWDFKHGRQDVLQJOHEXV7KHH[SDQVLRQRILQWHOOLJHQWSDUNLQJV\VWHPKDVDOVREHHQ
FRQVWUDLQHG E\ 56 EXV  ,W FDQ QRWPHHW WKH FRQWURO UHTXLUHPHQWV RI ODUJH DQGPHGLXP ,QWHOOLJHQW
3DUNLQJ
$GYDQFHG&$1EXVFRPPXQLFDWLRQV\VWHPLVWKHPDLQGLUHFWLRQRILQWHOOLJHQWSDUNLQJ7KLVLQGXVWULDO
JUDGHFRPPXQLFDWLRQVFDQHQVXUHWKHUHOLDELOLW\DQGUHDOWLPHRIGDWDFRPPXQLFDWLRQVDQGLQWKHDFWXDO
FRQVWUXFWLRQFRVWRI&$1EXVDQG56EXVFRVWVURXJKO\LVWKHVDPHHYHQLQWKHODUJHUSDUNLQJV\VWHP
&$1 EXV LV DOVR VOLJKWO\ ORZHU WKDQ WKH RYHUDOO FRVW RI 56 V\VWHP &$1 EXV )DXOWWROHUDQW
SHUIRUPDQFHLWFDQJUHDWO\UHGXFHPDLQWHQDQFHUHSDLUDQGH[SDQVLRQFRVWV
+RZHYHUPRVWRIWKHFXUUHQWVPDUWSDUNLQJXVHWKH&$1EXVDQG5656PL[HGZD\WKLVZLOO
FDXVHQHWZRUNORDGLPEDODQFHDQG7KLVOLPLWVWKHSHUIRUPDQFHDGYDQWDJHVRI&$1EXVEXV7KHIROORZLQJ
ZH VHW SDUNLQJPDQDJHPHQW V\VWHP XVLQJ &$1EXV DV DQ H[DPSOH VHW XS D VHW RI LQWHOOLJHQW SDUNLQJ
LPSURYHPHQWSURJUDP
&$1EXVSURJUDPRILQWHOOLJHQWSDUNLQJ
$ERXW&$1EXV
&$1EXV&RQWUROOHU$UHD1HWZRUN ZDV ILUVW SURSRVHGE\ WKH%26&+FRPSDQ\ LQ*HUPDQ\ LW LV
PDLQO\ XVHG IRU GDWD FRPPXQLFDWLRQ EHWZHHQ WKHPHDVXUHPHQW DQG FRQWURO FHQWHUV LQ WKH DXWRPRWLYH
LQWHULRU
,W LV ZLGHO\ XVHG LQ RWKHU DUHDV LQ WKH ZRUOG EHFDXVH RI LWV JRRG SHUIRUPDQFHVXFK DV LQGXVWULDO
DXWRPDWLRQ DXWRPRWLYH HOHFWURQLFV EXLOGLQJ FRQVWUXFWLRQ HOHYDWRU QHWZRUN FRPPXQLFDWLRQV  ILHOG RI
VHFXULW\DQGPDQ\RWKHUDUHDV
,WKDVJUDGXDOO\EHFRPHWKHPDLQPHDQVRIFRPPXQLFDWLRQLQWKHVHVHFWRUV
7KHFKDUDFWHULVWLFVRI&$1EXV
• ,WLVWKHLQWHUQDWLRQDOVWDQGDUGLQGXVWULDOILHOGEXV,WVWUDQVPLVVLRQSHUIRUPDQFHLVUHOLDEOHDQGLW
KDVDKLJKUHDOWLPHSHUIRUPDQFH
• ,WVWUDQVPLVVLRQGLVWDQFHLVORQJ.PIDUWKHVWZLWKRXWUHOD\,WVWUDQVPLVVLRQUDWHLVIDVW0ESV
KLJKHVW
• 8SWRQRGHVFDQEHFRQQHFWHGWRDVLQJOHEXVDQGQRGHVFDQEHH[SDQGHGHDVLO\
• (DFKQRGHRQ WKHEXVKDYHDQHTXDOVWDWXVUHJDUGOHVVRIPDVWHUVODYHDQG WKHEXUVWGDWDFDQEH
WUDQVPLWWHGLQUHDOWLPH
• ,WXVHVQRQGHVWUXFWLYHDUELWUDWLRQWHFKQLTXHGDWDIURPPXOWLSOHQRGHVFDQEHVLPXOWDQHRXVO\VHQW
WRWKHEXVDQGWKHXWLOL]DWLRQRI&$1EXVLVKLJK
• 7KHZURQJQRGHZLOOWXUQRIIDXWRPDWLFDOO\DQGFXWRIIFRPPXQLFDWLRQZLWKWKH&$1EXVWKLVZLOO
QRWDIIHFWWKHFRPPXQLFDWLRQRI&$1EXV
• ,W XVHV D VKRUW IUDPH SDFNHWDQG LW XVHV WKH KDUGZDUH &5& FKHFNVXPVR WKH GDWD HUURU UDWLR LV
H[WUHPHO\ORZ
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
• 2IWKHSDFNHWVLVQRWVXFFHVVIXOO\VHQWWKHKDUGZDUHKDVWKHIXQFWLRQRIDXWRPDWLFWUDQVPLVVLRQ
WKHWUDQVPLVVLRQUHOLDELOLW\LVYHU\KLJK
• ,WKDVWKHIXQFWLRQRIKDUGZDUHDGGUHVVILOWHUDQGLWFDQVLPSOLI\VRIWZDUH
VDJUHHPHQW
• 7KHFRPPXQLFDWLRQPHGLXPFDQEHDQRUGLQDU\WZLVWHGSDLUOLQHFRD[LDOFDEOHRURSWLFDOILEHUDQG
VRRQ
• 7KHVWUXFWXUHRI&$1EXVLVVLPSOHWKHSHUIRUPDQFHWRSULFHUDWLRLVH[WUHPHO\KLJK
2YHUYLHZ
&RPPXQLFDWLRQVSURJUDPLQYROYHVDOPRVWDOOFRQWUROIXQFWLRQVRIWKHSDUNLQJLQFOXGLQJHQWUDQFHDQG
H[LW FRQWUROOLQJ UHPRWH FRQWUROOLQJ \DUGRULHQWHG GHWHFWLRQ RI SDUNLQJ VSDFHV ,QWHOOLJHQW OLJKWLQJ
FRQWUROOLQJ3URJUDP GRHV QRW FRQWDLQ DXGLR DQG YLGHR WUDQVPLVVLRQ EHFDXVH WKH DXGLR DQG YLGHR
WUDQVPLVVLRQDQGFRQWURORIWKHEXVLVXVXDOO\VHSDUDWH
7KHVH LV RQO\ RQH WZLVWHG SDLU DV FRPPXQLFDWLRQV EDFNERQH LQ WKH V\VWHP HDFK FRPPXQLFDWLRQ
WHUPLQDORIWKHFRQWUROOHULVFRQQHFWHGWRWKHEXVGLUHFWO\DQGLQWKHQHWZRUNHDFKFRQWUROOHU
VSRVLWLRQDUH
HTXDO WKHUHLVQRKRVWDQGVODYHPDFKLQH$Q\QRGHFDQWUDQVPLWGDWDDYRLGWKHXVHRI56KRVW
SROOLQJWKLVSURWHFWVWKHGDWDLQUHDOWLPH,Q&$1EXVV\VWHP,WFDQDFKLHYHWKHFRPPXQLFDWLRQEHWZHHQ
SRLQWVDQGLWFDQEURDGFDVWFRPPXQLFDWLRQ5HDOWLPHDQGIOH[LELOLW\FDQEHJXDUDQWHHG
)RUH[DPSOH3DUNLQJGHWHFWRUFDQPRQLWRUWKHVLWXDWLRQWKHQXPEHURIWKHSDUNLQJVSDFHFDQEXVKRZQ
RQWKHPRQLWRUGLUHFWO\'DWDGRQRWKDYHWREHWUDQVIHUUHGWRWKHPDQDJHPHQWPDFKLQHDQGWKHQSDVVHGWR
WKHSDUNLQJVSDFHVPRQLWRUE\WKHPDQDJHPHQWXQLW7KHPDQDJHPHQWXQLWDOVRFDQUHFHLYHWKHLQIRUPDWLRQ
IRUWKHGDWDEDVHUHFRUG
,QWHOOLJHQW3DUNLQJ FRPPXQLFDWLRQGLVWDQFH LV FRQVWUDLQWHGE\ WKH EDXG UDWH RI&$1EXV ZKHQ WKH
FRPPXQLFDWLRQUDWHLV.ESVWKHFRPPXQLFDWLRQGLVWDQFHFDQEHDFKLHYHG.0XVLQJWKHVDPHWZLVWHG
SDLUWKLVPHHWVPRVWQHHGV,QWKLVSURJUDPDFFRUGLQJWRWKHSRVLWLRQWKHSDUNLQJV\VWHPLVGLYLGHGLQWR
WZRSDUWV3DUWRIWKHYHKLFOHHQWUDQFHDQGH[LWFRQWUROOLQJSDUWRISDUNLQJLQWHUQDOFRQWUROOLQJ
(QWUDQFHDQGH[LWFRQWUROOLQJV\VWHPRIWKHYHKLFOH
7KHPDMRUIXQFWLRQVRI(QWUDQFHDQGH[LWFRQWUROOLQJV\VWHPRI WKHYHKLFOHLVPDQDJHPHQWRIYHKLFOH
DFFHVVFKDUJHVWLFNHWDQG'LVSOD\6WUXFWXUHRIWKHV\VWHPVKRZQLQ)LJXUH
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
)LJXUH &$1EXVVWUXFWXUHRIWKHHQWUDQFHDQGWKHH[LW
&$1EXVQHWZRUNLVDOLQHDUWRSRORJ\LQWKLVV\VWHPWKHGHYLFHQRGHVDUHFRQQHFWHGRQ&$1EXV$W
WKHHQWUDQFHRIWKH\DUGZKHUHDYHKLFOHLVGHWHFWHGE\WKHJURXQGVHQVRUVWKHHQWUDQFHFRQWUROOHUVHQGVD
VLJQDOWRWKH&RPSXWHU0DQDJHPHQWQRGHDQGUHTXHVWWRVWDUWWKHZKROHPDQDJHPHQWV\VWHPWKHV\VWHPLV
LQ VOHHSPRGH WRFRQVHUYHHQHUJ\ WKH V\VWHP LPPHGLDWHO\DFKLHYH WKHZRUNPRGH(QWUDQFHFRQWUROOHU
UHDG WKH HOHFWURQLF FDUG LQIRUPDWLRQ RI YHKLFOH WKURXJK WKH UDGLR RU *356 DQG WKH LQIRUPDWLRQ LV
WUDQVPLWWHG WR WKHPDQDJHPHQW FRPSXWHU WKURXJK &$1EXV DQG FRPSDUH LW WR WKH YHKLFOH LQIRUPDWLRQ
PRGHO OLFHQVHSODWH HWF ,I LW LV OHJLWLPDWH WKH V\VWHP RSHQ WKH%DUULHU OLJKW JUHHQ WUDIILF OLJKWV WR
DOORZYHKLFOHVWKURXJK:KHQWKHJURXQGVHQVHWHVW WKDWWKHYHKLFOHVKDYHSDVVHGDQGWKHHQWUDQFHVHQVH
GRHVQRWGHWHFWQHZYHKLFOHV(QWUDQFHFRQWUROOHUUHSRUWVWKDWV\VWHPLVLGOHWRWKH&RPSXWHU0DQDJHPHQW
QRGH$QGWKHV\VWHPZLOOHQWHUDVOHHSPRGH2WKHUIHDWXUHVVXFKDVH[LWFRQWUROOLQJFKDUJLQJIXQFWLRQ
FDQEHPDQDJHGE\WKHVDPHZD\
,Q WKLV V\VWHP WKHPDQDJHPHQW QRGH FRPPXQLFDWH ZLWK WHUPLQDO HTXLSPHQW LQVWDOOHG LQ GLIIHUHQW
ORFDWLRQV XVLQJ3&&$1 LQWHUIDFH FDUG LQVWDOOHG JHQHULF 3&&RPPRQO\ XVHG3&&$1 ,QWHUIDFH&DUG
3&,&$1,QWHUIDFH&DUG,6$&$1LQWHUIDFHFDUG86%&$1LQWHUIDFHFDUG3&&$1,QWHUIDFH&DUG
(WKHU1HW&$1&$1LQWHUIDFHFDUGRUSDUDOOHOSRUW LQWHUIDFHFDUGHWF:HFDQFKRRVHWKHPDFFRUGLQJWR
WKHFRPPXQLFDWLRQUHTXLUHPHQWVRIWKHV\VWHP
3DUNLQJ,QWHUQDO&RQWUROOLQJ
7KHSDUWRISDUNLQJLQWHUQDOFRQWUROOLQJLQFOXGHVYHKLFOHRULHQWHGVSDFHGHWHFWLRQDQGOLJKWFRQWUROOLQJ
6KRZQLQ)LJXUHWKHSDUNLQJLVGLYLGHGLQWRIRXUSDUNLQJDUHDV]RQH$]RQH%]RQH&DQG]RQH'7KH
JXLGDQFHV\VWHPRIWKHDUHDVLVSODFHGDWWKHHQWUDQFHRIWKHSDUNLQJ,WLVXVHGWRLQGLFDWHWKHGLUHFWLRQRI
WKHDUHD DQG WKH FXUUHQW QXPEHURIYDFDQFLHV UHPDLQLQJ7KH ORFDWLRQJXLGDQFH V\VWHP LV FRQWUROHGE\D
FRQWUROOHULWKDVD&$1EXVEXVLQWHUIDFH
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
)LJXUH 7KH&$1EXVVWUXFWXUHRIWKHSDUNLQJ
:KHQDYHKLFOHRUDSHUVRQWRHQWHUDUHODWHGDUHDWKHOLJKWLQJLVOLWLQWKHUHJLRQDIWHUWKHYHKLFOHRUD
SHUVRQOHIWWKHOLJKWVJRRXWDXWRPDWLFDOO\$QGOLJKWVWKDWQRWUHODWHGWRWKHFXUUHQWDUHDZLOOQRWOLJKWWKLV
ZLOOPD[LPL]HHQHUJ\VDYLQJVDQGH[WHQGOLIHRIWKHHTXLSPHQW,WZLOOEHPRUHSURPLQHQWUROHLQDODUJHU
SDUNLQJ
:KHQYHKLFOHVDFFHVVWKHQXPEHURIWKHSDUNLQJFKDQJHVWKHV\VWHPFDQGHWHFWWKHFKDQJHLQWLPHDQG
UHSRUWLWWRWKHPDLQFRQWUROOHUDQGWKHORFDWLRQVLJQVWRPDNHLWUHIUHVKDQGGLVSOD\WKHFXUUHQWUHFRUG
7KLVV\VWHPXVHV&$1EXVFRPPXQLFDWLRQPRGHWKHQHWZRUNLVYHU\VLPSOHUHOLDEOHVKRZQLQ)LJXUH
(DFKSDUNLQJDUHDKDVDVHSDUDWHFRQWUROOHUDQGKDVD&$1EXVLQWHUIDFHIRUOLJKWPDQDJLQJDQGSDUNLQJ
DUHDGHWHFWLRQ$VVKRZQE\WKHILJXUHWKHUHGOLQHLVDOLJKWOLQHLWGLUHFWO\FRQWUROVWKHOLJKWVWKURXJKWKH
DUHDFRQWUROOHU7KHJUHHQ/LQHLVDVLQJOHEXVLWLVXVHGWRFRPPXQLFDWHZLWKWKHSDUNLQJGHWHFWRU,WIRUP
D VHFRQG GDWD FRPPXQLFDWLRQ QHWZRUNZLWK WKH &$1EXV 2I FRXUVH SDUNLQJ GHWHFWRU QHWZRUN FDQ EH
DFKLHYHGE\XVLQJWKH&$1EXVPHWKRGDOVRLWZLOOQRWEHFRQVWUDLQHGE\WKHQXPEHURISDUNLQJVSDFHV
DQGLWFDQHDVLO\DFKLHYHHTXLSPHQWPDQDJHPHQWIDXOWORFDWLRQDQGPDQ\RWKHUVSHFLDOIHDWXUHV
6\VWHPVWUHQJWKVDQGFRQFOXVLRQV
7KHDERYHWZRSDUWVDUHFRQQHFWHGWRIRUPDFRPSOHWH,QWHOOLJHQW3DUNLQJ6\VWHP,QWKHZKROHV\VWHP
ZHFDQQRWRQO\DFKLHYHWKHXQDWWHQGHGEXWDOVRDQGFRQQHFWWRRWKHU&$1EXVV\VWHPVVXFKDVSURSHUW\
PDQDJHPHQW FHQWHU FRPPXQLW\ FRQWURO FHQWHU PDNH WKH PDQDJHPHQW RI WKH ZKROH V\VWHP WR EH
FRQYHQLHQW
,W SURYLGHV DYHU\ FOHDU DGYDQWDJH WR FXVWRP FRPPXQLFDWLRQ SURWRFRO DQG GHVLJQ VRIWZDUHE\ XVLQJ
&$1EXVWKH SHUIRUPDQFH RI WKH  V\VWHP LV LPSURYHG $W WKH VDPH WLPH E\ XVLQJ &$1EXV FDQ
GUDPDWLFDOO\ UHGXFH WKH FRVWV RI WKH GHYLFH H[WHQVLRQ XSJUDGLQJPDLQWHQDQFH RI WKH WHUPLQDO RI WKH
LQWHOOLJHQW3DUNLQJ0RUHRYHUWKHPRUHODUJHVFDOHLQWHOOLJHQWSDUNLQJV\VWHPWKHDGYDQWDJHVZLOOEHPRUH
REYLRXVE\XVLQJ&$1EXVIHDWXUHVORZFRVW
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3UDFWLFHKDVSURYHGWKDWLQWHOOLJHQWXVHRI&$1EXVSDUNLQJFDQJHWJRRGVRFLDODQGHFRQRPLFEHQHILWV
&$1EXVSURJUDPKDVEHHQVXFFHVVIXOO\DSSOLHGLQWKHFRXQWU\PRUHLQWHOOLJHQWSDUNLQJ\DUGHTXLSPHQW
QHWZRUN WUDIILFPDQDJHPHQW YHKLFOH FKDUJLQJ VWDWLRQV DQG RWKHU RFFDVLRQV 7KLV LV DOVR WKH QDWLRQDO
FRPPXQLFDWLRQDQGFRQWUROQHWZRUNVIRUUHOLDEOHDXWRPDWHGRSHUDWLRQXQDWWHQGHGGLUHFWLRQ
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